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SUMMARY

Results of a free-flight investigation to determine the drag of
circular, finite-length cylinders are presented for a Mach number range
from gbout 0.5 to 1.3. TFineness ratios of the cylinders tested were 15,
30, and 60. Results of previous experimental tests of circular cylinders
having Infinite fineness ratios are included in this paper for comparison.

For supersonic speeds, the drag of clrcular cylinders is largely
independent of fineness ratio and Reynolds number. At subsonic Mach
numbers, the drsg of finite-length cylinders (fineness ratios of sbout
60 and below) increases as their fineness ratios increase.

INTRODUCTION

Because of the interest that exists in the drag of circular cylinders
and because of the lack of experimental drag data for cylinders for Mach
nunbers in the region of unity, the National Advisory Committee for
Aeronautics has made some free-~flight tests to determine the drag of
circular cylinders of finite fineness ratios at high Reynolds numbers.

Cylinders having fineness ratios of 15, 30, and 60 were tested in
free flight over a Mach number range from 0.5 to 1l.3; the range of corre-

sponding Reynolds number based on cylinder diameter was from 1.25 X 107

to T.25 X 102, The cylinders were mounted on test bodies in such a manner
as to minimize interference effects. The tests were conducted at the
Pilotless Aircraft Research Station at Wallops Island, Va.
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The results of these tests are presented hereln and are compared
with previously obtalned experimental drag date for circular cylinders
of infinite lengths.

SYMBOLS
Cpp total-configuration drag coefficlent based on the test-body
frontal ares
Cp cylinder drag coefficient based on cylinder frontal ares
M Mach number
R Reynolds number based on cylinder dlameter
n fineness ratio, L/D
L length of cylinder, in.
D diameter of cylinder, in.

MODELS AND TESTS

The genersal srrangement for the three test configurations used in
this investigatlion is shown in figure 1, and a photograph of a typical
model is shown as flgure 2.

The basic body on which the cylinders were mounted was a simply
constructed cilrcular-cylindrical wooden body having a special fin assembly.
The rectangular end plates mounted on the ends of the horilzontal fins
provided the necessary stabllizing area in the vertical plane. The
cylinders, in turn, were mounted on the end plates so that essentially
half a cylinder weas mounted on each end plate; the leading edges of the
end plates were beveled on the side away from the cylinders in order to
minimize the flow disturbances over the cylinders. The fin assembly
and cylinders were constructed of steel.

The models were propelled by a two-stage rocket arrangement. The
first stage was a high-velocity aircraft booster rocket equipped with
four fins; the second stage was a 3.25-inch alrcraft rocket contained
within the model.
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Test data were obtained by the Doppler radsr technique as discussed
in reference 1. In figure 3, the Reynolds number during flight, based
on cylinder diameter, is plotted against Mach number for each cylinder

tested.

The accuracy of the tests is estimated to be within the following
limits:

Cp

At M=0.8 ¢ v v v v v vt e vt et e e e e e e .. 0,02
Ab M =12 1t i v it v e s e s e e e e s e s e s e s e e .. 10,01
M e i e e e e e e e e e et e e e s e e e e e e e e .. 0,01

RESULTS AND DISCUSSION

Total-configuration drag coefficients plotted against Mach number
are shown in figure 4 for a typical test configuration. Data points
are shown in this plot to glve the reader a representative example of
the number of data points and their scatter from which the falred curves
of figure 5 were obtained.

Figure 5 shows the variation of total-configuraetion drag coefficients
(based on body frontal area) with Mach number for the three cylinders
tested. Also shown in this figure are the drag coefficients of the basic
test model. '

Cylinder drag coefficients (including cylinder——end-plate inter-
ference drag and based on cylinder frontsl area) for the three cylinders
tested were obtained as the difference between the total-configuration
dreg and the drag of the basic body and are shown in figure 6 plotted
against Mach number. Also shown in this figure for comparative purposes
are some supersonic cylinder drag coefficients determined experimentally
by Stanton (ref. 2) and Busemann (as shown in ref. 3). The cylinders
tested by Stanton were of infinite fineness ratios. Busemann's test
was made in a blowdown tunnel with the cylinder extending through the
Jet. Because deviations from the uniformity of the flow existed at the
edges of the Jet, the effective fineness ratio of the cylinder was indeter-
minate; however, it is believed that it would spproach Infinity.

The veriation of the drag coefficlents with Mach number for the
cylinders of the present tests forms a band which, at M = 0.7, centers
around approximately 1.2, increases to gbout 1.9 at M = 0.95, and then
decreases wlth Increasing supersonic speeds to approximastely 1.5 at
M = 1.3. The coefficients within this band show that the drag of cylin-
ders increases as thelr fineness ratios increase at subsonic Mach numbers.
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At-supersonic speeds, however, the width of the band of the coefficients
has decreased and no epparent trend of the drag curves relative to each
other exists; further, the supersonic drag coefficients determined by
Stanton and Busemann for cylinders of effective infinite fineness ratios,
and at Reynolds numbers much lower than those of-the present tests,
appear to be consistent with the coefficients of the present tests. From
the comparative agreement of the results of these tests, it appears that
cylinder drag coefficilents are largely independent of Reynolds number

and fineness ratio at supersonic speeds. (Although the Reynolds number
of the Busemann test is not listed in ref. 3, Dr. A. Busemann, who is now
at the Langley Laboratory, confirmed that his test was made at & Reynolds
number of approximately 50,000.)

The dip existing in the drag-coefficient curves for the cylinders
of fineness ratios of 30 and 60 at approximately M = 0.825 may be the
result of transition from laminar to turbulent flow around the cylinders;
this result 1s considered further in the discussion of figure 7. Similer
dips in cylinder-drag curves were shown in reference 4 where an unsuc-
cessful attempt was made to correlate the occurrence of the dips with
weke-width variation. The lack of a dip in the drag curve of the cylinder
having a fineness ratio of 15 may possibly be explasined by more pre-
dominant end effects existing for this lower fineness ratio.

The drag coefficdients (based on cylinder frontal ares) for the
cylinders tested are shown in figure 7 plotted against Reynolds number.
Also shown 1n this figure, for comparative purposes, are previously
obtained experimental drag coefficilents of cylinders from references 5
to 7. The results for the two larger cylinders of Stack's tests (ref. 6)
very clearly define the pronounced effects on the drag coefficients of
cylinders when transition from laminar to turbulent flow occurs prior to
the critical Mach number. When this effect is remembered and the trend
of the initial portions of the drag curves of the present tests 1s noted,
it appears that the dips in the drag curves for the two cylinders having
the higher fineness ratios may be attributed to the occurrence of the
critical Mach number followed by transition, the compressibility effects
being predominant. . '

At subcritical Mach numbers and Reynolds numbers the drag of the
cylinder having a fineness ratio of 60 agrees with that for cylinders of
infinite fineness ratios (see'fig. s thus, when determining drag,
cylinders with fineness ratios of about 60 or greater may be considered
to be of infinite length.
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CONCLUSIONS

Free-flight tests in a Mach number range from gbout 0.5 to 1.3 of
circular finite-length cylinders end the results of previous experimental
tests of circular cylinders having infinite lengths lead to the following
conclusions:

1. Drag of circular cylinders at supersonic speeds 1s largely inde-
pendent of fineness ratlo and Reynolds number.

2, At subsonic Mach numbers, the drag of finite-length cylinders
(fineness ratios of about 60 and below) increases as their fineness ratios
increase.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeronsutics,
Langley Field, Ve., April 3, 19652.
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Fig

gure l.- General arrangement of model configurations showing the basic
test body and the three cylinder configurations tested. AlJl dimensiocns
gre in inches.
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Figure 2.« Plen view of a typlcal cylinder configuration
n = 30,
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Figure 4.- Variation of total drag coefficients with Mach number for
a typical cylinder configuration showing data points. n = 30;
D = 1 inch. :
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Flgure 5.~ Variation of total drag coefficients, based on body frontal
area, with Mach number for the cylinder confilgurations investigated

and for the basic test body,
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Figure 6.~ Variation of cylinder drag coefficients, based on cylinder
frontal area, with Mach number for the cylinder configurations
tested., Also showm are two experimentally determined supersonic

cylinder drag coefficiente of previous investigations.
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Figure T.- Variation of the cylinder drag coefficients, based on
cylinder frontal area, with Reynolds number for the cylinders of
the present tegts and for infinite length cylinders of previous
investigations. (Symboled points do not represent experimental
test points.)
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